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(54) Solid polymer electrolyte fuel cell cogeneration system 



(57) The present invention provides a fuel cell 
cogeneration system which can stably supply hot water 
at high temperature shortly after the system starts to 
operate. The cogeneration system comprises a solid 
polymer electrolyte fuel cell system for generating elec- 
tric power and heat by reacting fuel gas with an oxidant 
gas, a cooling water circulating path for circulating cool- 
ing water for recovering heat generated by the fuel cell 
system, a storage tank for reserving hot water to be 
supplied to an external hot-water supply load, a heat 
exchanger for transffering heat recovered by the cooling 
water to water in the storage tank, and a heating path 



connected to the storage tank in order to pass water in 
the storage tank through the heat exchanger, the heat- 
ing path having the heat exchanger, wherein a water 
inlet of the heating path and a water filling port for sup- 
plying water to the storage tank from the outside of the 
system are formed both at a lower part of the storage 
tank, and wherein a water outlet of the heating path and 
a hot-water supply port for supplying hot water in the 
storage tank to the external hot-water supply load are 
provided both at an upper part of the storage tank. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a fuel cell 5 
cogeneration system generating electric power and 
heat, particularly to a cogeneration system using a solid 
polymer electrolyte fuel cell. 

[0002] The solid polymer electrolyte fuel cell gener- 
ates electric power by reacting fuel gas, such as hydro- 10 
gen, with oxidant gas, such as oxygen. This reaction 
also generates heat simultaneously with electric power. 
The solid polymer electrolyte fuel cell cogeneration sys- 
tem supplies the electric power and heat thus generated 
to an external load. 75 
[0003] FIG. 4 shows a conventional solid polymer 
electrolyte fuel cell cogeneration system. 
[0004] A fuel gas generating unit 9, e.g. reformer 
heats a raw material, such as natural gas, supplied from 
the outside in a steam atmosphere to generate hydro- 20 
gen-rich fuel gas. A fuel cell 1 is supplied with fuel gas 
and oxidant gas such as air which are humidified by 
respective humidifiers 17 and 18. 
[0005] Direct current (DC) generated by the fuel cell 

1 is converted to alternating current (AC) by an inverter 25 

2 and subsequently supplied to a power load, grid-con- 
nected with commercial electric power supply. In other 
words, when an output from the cogeneration system 
exceeds the power load, excess power is "sold" to a util- 
ity. 30 
[0006] The heat generated by the fuel cell 1 , on the 
other hand, is supplied to a hot-water supply load such 

as hot-water supply or heating, for example. 
[0007] A cooling pump 6 circulates cooling water to 
the fuel cell 1 in order to recover the heat generated by 35 
the fuel cell 1 . 

[0008] A storage tank 13 stores city water. A three 
way valve 7 is usually connected between points A and 
B as shown in the figure when the system is operated, 
and the cooling water is cooled by a heat exchanger 3 40 
located at a bottom of the storage tank 13 after passing 
through the fuel cell 1 . As a result, water in the storage 
tank 13 is heated. Hot water thus obtained is utilized by 
the hot-water supply load such as heating. The cooling 
water which has a low temperature due to heat loss, on 45 
the other hand, is recirculated to the fuel cell 1. When 
water in the storage tank 13 is heated sufficiently, the 
three way valve 7 is connected at points A and C and 
the heat of the cooling water passing through the fuel 
cell 1 is discharged outside the system by a radiator 11. 50 
[0009] The conventional fuel cell cogeneration sys- 
tem as shown above primarily heats water at the bottom 
of the storage tank 13, which generates convection of 
water in the storage tank 13. This corrects a tempera- 
ture difference of water in the storage tank 13 but 55 
inversely increases time for supplying hot water after 
the system starts to operate. In order to cope with a 
large-size hot water supply load, it is necessary to pre- 



pare another hot water supplying apparatus for supple- 
mental heating. 

BRIEF SUMMARY OF THE INVENTION 

[001 0] The object of the present invention is to pro- 
vide a solid polymer electrolyte fuel cell cogeneration 
system which solves the above-mentioned drawbacks 
of the prior art system and can not only stably supply 
hot water at high temperature shortly after the system 
starts to operate but also readily cope with changes in 
power load and a large hot-water supply load. 
[001 1] The solid polymer electrolyte fuel cell cogen- 
eration system in accordance with the present invention 
comprises a solid polymer electrolyte fuel cell for gener- 
ating electric power and heat by reacting fuel gas with 
oxidant gas; a fuel gas generating unit for generating 
fuel gas; an inverter for supplying electric power to an 
external power load by converting DC output from the 
fuel cell to AC; a cooling water circulating path for circu- 
lating cooling water for recovering heat generated by 
the fuel cell or fuel gas generating unit; a storage tank 
for reserving hot water to be supplied to an external hot- 
water supply load; a heat exchanger for transferring 
heat recovered by the cooling water to water in the stor- 
age tank; a heating path connected to the storage tank; 
and a pump for passing water in the storage tank 
through the heat exchanger, the heating path having the 
heat exchanger, wherein a water inlet of the heating 
path and a water filling port for supplying water to the 
storage tank from the outside of the system are formed 
both at a lower part of the storage tank, and wherein a 
water outlet of the heating path and a hot-water supply 
port for supplying hot water in the storage tank to the 
external hot-water supply load are provided both at an 
upper part of the storage tank. 
[0012] In a preferred mode of the present invention, 
the solid polymer electrolyte fuel cell cogeneration sys- 
tem further comprises a heater provided in the heating 
path for passing water in the storage tank through the 
heat exchanger and a detector for detecting a magni- 
tude of the external power load. 
[0013] In another preferred mode of the present 
invention, the solid polymer electrolyte fuel cell cogen- 
eration system further comprises controlling means for 
supplying excess electric power to the heater, based on 
such a detection signal that a magnitude of the external 
power load detected by the detector is smaller than out- 
put electric power of the fuel cell. 
[001 4] In still another preferred mode of the present 
invention, the solid polymer electrolyte fuel cell cogen- 
eration system further comprises a thermodetector for 
detecting a temperature of water in the storage tank. It 
is also desirable to provide controlling means for supply- 
ing output electric power of the fuel cell to the heater 
when a temperature of water detected by the thermode- 
tector decreases lower than a predetermined value. 
[001 5] In still another preferred mode of the present 
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invention, the solid polymer electrolyte fuel cell cogen- 
eration system further comprises another thermodetec- 
tor for detecting a temperature of water passing through 
the heat exchanger and means for controlling the pump 
in such a way that a temperature of water detected by 
the the rmo detector is kept constant, both being pro- 
vided further down the heat exchanger in the heating 
path. 

[0016] While the novel features of the invention are 
set forth particularly in the appended claims, the inven- 
tion, both as to organization and content, will be better 
understood and appreciated, along with other objects 
and features thereof, from the following detailed 
description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

[0017] 

FIG. 1 is a block diagram illustrating a structure of a 
solid polymer electrolyte fuel cell cogeneration sys- 
tem of one example in accordance with the present 
invention. 

FIG. 2 is a block diagram illustrating a structure of a 
solid polymer electrolyte fuel cell cogeneration sys- 
tem of another example in accordance with the 
present invention. 

FIG. 3 is a block diagram illustrating a structure of a 
solid polymer electrolyte fuel cell cogeneration sys- 
tem of still another example in accordance with the 
present invention. 

FIG. 4 is a block diagram illustrating a structure of a 
conventional solid polymer electrolyte fuel cell 
cogeneration system. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] In the following, the present invention will be 
described more specifically by way of concrete exam- 
ples, referring to the drawings. 

Example 1 

[0019] FIG. 1 shows the structure of a solid polymer 
electrolyte fuel cell cogeneration system in accordance 
with Example 1 . 

[0020] A fuel gas generating unit 9, e.g. reformer 
generates hydrogen-rich fuel gas by heating a raw 
material supplied from the outside in a steam atmos- 
phere. A fuel cell 1 is provided with fuel gas and oxidant 
gas such as air which are humidified by respective 
humidifiers 17 and 18. 

[0021] The fuel cell 1 generates electric power and 
heat by reacting the fuel gas containing hydrogen with 
air. The thus generated DC is converted to AC by an 
inverter 2 and is subsequently supplied to an external 
power load, grid-connected with a commercial power 



source. 

[0022] The heat generated together with electric 
power is stored in the form of hot water and is supplied 
to a hot-water supply load as shown below. 

5 [0023] When operated, the fuel cell 1 is kept at 
about 80 °C by circulating cooling water in a cooling 
path 5 provided inside the fuel cell. A cooling pump 6 
circulates cooling water in the cooling path 5. A path 5a 
which passes through a heat exchanger 10 and a path 

10 5b which passes through a radiator 11 are connected 
via a three way valve 7 to the cooling path 5. Cooling 
water normally has a temperature of about 70 °C after 
passing through the fuel cell 1. At heat supply such as 
hot-water supply, the three way valve 7 is connected 

15 between A and B and cooling water which is heated dur- 
ing its passage through the fuel cell 1 runs toward the 
path 5a and passes through the heat exchanger 1 0. The 
cooling water from which heat is discharged during its 
passage through the heat exchanger 10 is supplied 

20 again to the fuel cell 1 by the cooling pump 6. 

[0024] A storage tank 1 3 filled with city water is con- 
nected with a heating path 10a for passing water in the 
storage tank through the heat exchanger 10. Since the 
heating path 10a connects a low temperature side of the 

25 heat exchanger 10 to a lower part of the storage tank 
13, water proximal to a bottom of the storage tank 13 is 
drawn by a water circulating pump 12 and is supplied to 
the heat exchanger 10. Water which is heated during its 
passage through the heat exchanger 10 is retained 

30 proximal to an upper face of the storage tank 13 by the 
heating path 10a. 

[0025] The storage tank 13 is provided with city 
water from a bottom side of the tank and hot water is 
supplied to an external hot-water supply load, such as 
35 hot-water supplying apparatus and heating, from an 
upper side of the tank. 

[0026] A thermistor 14 provided downstream from 
the heat exchanger 10 detects a temperature of water 
which is heated during its passage through the heat 
40 exchanger 10. A controlling unit 8 controls a water 
amount to be supplied by the water circulating pump 1 2 
so that the temperature of water detected by the ther- 
mistor 14 is kept constant. 

[0027] When the temperature of water after passing 
45 through the heat exchanger 10 is stabilized at a prede- 
termined value, the controlling unit 8 controls the three 
way valve 7 to connect between A and C in order to cir- 
culate cooling water after passage through the fuel cell 
1 to a radiator 1 1 to discharge heat of the cooling water 
so outside the system. 

[0028] The polymer electrolyte fuel cell normally 
operates at a temperature of 80 °C or so and cooling 
water has a temperature of 70 °C or higher. Therefore, 
the temperature of water which passes through the heat 
55 exchanger 10 and returns to the storage tank 13 
becomes constant at a temperature of 60 °C or higher. 
When city water has a temperature of 20 °C, for exam- 
ple, the temperature of water is 60 °C at an upper part 
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of the storage tank and 20 °C at a lower part of the tank. 
Under such temperature condition, thermal gradient of 
water in the storage tank 1 3 can be maintained because 
of smaller water density at the upper part than at the 
lower part. Therefore, during operation of the fuel cell 1 , 
water in the storage tank 13 forms a layer structure 
comprising a layer of hot water which is heated during 
passage through the heat exchanger 10 and a layer of 
cool water before heating. Consequently, the layer of 
hot water located at the upper part increases gradually 
when the system does not supply hot water. 
[0029] When the system supplies hot water, hot 
water is supplied from the layer of hot water to a hot- 
water supply load, enabling constant supply of hot water 
at high temperature. 

[0030] As described above, according to Example 
1 , it is possible to store hot water at constant tempera- 
ture in the storage tank and stably supply hot water at 
any time. 

[0031] In the foregoing example, although heat gen- 
erated by the fuel cell is utilized for hot-water supply, 
residual heat remaining in a burner when the raw mate- 
rial is heated at the fuel gas generating unit or combus- 
tion heat of the gas exhausted from the fuel cell can be 
similarly utilized for hot-water supply. 

Example 2 

[0032] In the present example, a preferred example 
of the solid polymer electrolyte fuel cell which can rap- 
idly cope with any change in power load will be 
described. 

[0033] FIG. 2 shows a solid polymer electrolyte fuel 
cell cogeneration system in accordance with Example 

2. 

[0034] The system comprises a load detector 4 for 
comparing a magnitude of a power load connected to 
the system with an output of an inverter 2. The load 
detector 4 outputs a detected signal to a controlling unit 
8. When the output of the inverter 2 exceeds the magni- 
tude of the power load, the controlling unit 8 issues a 
command signal to the load detector 4 to supply excess 
electric power to a heater 15. The heater 15 is provided 
in a heating path 10a downstream from a heat 
exchanger 10 and supplementarily heats the water 
heated by the heat exchanger 10. A thermistor 14 
detects a temperature of water heated by the heat 
exchanger 10 and heater 15. The controlling unit 8 con- 
trols a water circulating pump 12 so that the tempera- 
ture of water detected by the thermistor 14 is kept 
constant. 

[0035] According to the present example, it is possi- 
ble to utilize excess electric power effectively thereby 
improving a hot-water supplying ability of the system. It 
is also possible to cope with any change in load 
instantly without causing inverse tidal current. 
[0036] Alternatively, the output of the heater 1 5 may 
be controlled in agreement with the temperature of 



water detected by the thermistor 1 4. 
[0037] Similar to Example 1 , the solid polymer elec- 
trolyte fuel cell cogeneration system in accordance with 
Example 2 allows use of residual heat remaining in the 
5 burner of the fuel gas generating unit or combustion 
heat of the gas exhausted from the fuel cell for hot-water 
supply. 
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Example 3 



[0038] In the present example, a preferred example 
of the solid polymer electrolyte fuel cell cogeneration 
system which can cope with a larger hot-water supply 
load will be described. 
15 [0039] FIG. 3 shows a solid polymer electrolyte fuel 
cell cogeneration system in accordance with Example 
3. 

[0040] The system comprises a load detector 4 for 
comparing a magnitude of an external power load con- 

20 nected to the system with an output of an inverter 2. The 
load detector 4 outputs a detected signal to a controlling 
unit 8. When the output of the inverter 2 exceeds the 
magnitude of the power load, the controlling unit 8 con- 
trols the load detector 4 to supply excess electric power 

25 to a heater 15. The heater 15 is provided downstream 
from a heat exchanger 10 and supplementarily heats 
the water heated by the heat exchanger 10. A thermis- 
tor 1 4 detects a temperature of water heated by the heat 
exchanger 10 and heater 15. The controlling unit 8 con- 

30 trols a water circulating pump 12 so that the tempera- 
ture of water detected by the thermistor 14 is kept 
constant. 

[0041] A thermistor 16 detects a temperature of 
water in a layer of hot water inside a storage tank 13. 

35 When a magnitude of a hot-water supply load exceeds 
a hot-water supplying ability of the system, the temper- 
ature of water detected by the thermistor 16 decreases 
gradually. The controlling unit 8 issues a command sig- 
nal to the load detector 4 to supply electric power to the 

40 heater 15 when the temperature of water detected by 
the thermistor 1 6 is lower than a predetermined value. 
[0042] The load detector 4 compares an output of 
the fuel cell with a magnitude of the power load con- 
nected to the system and supplies excess electric 

45 power of the fuel cell to the heater 1 5 when the output of 
the fuel cell is greater than the load. And, the heater 15 
makes supplementary heating according to the magni- 
tude of the hot-water supply load. 
[0043] The solid polymer electrolyte fuel cell cogen- 

50 eration system in accordance with Example 3 similarly 
allows use of residual heat remaining in the burner of 
the fuel gas generating unit or combustion heat of the 
gas exhausted from the fuel cell for hot-water supply. 
[0044] According to the present invention, a poly- 

55 mer electrolyte fuel cell cogeneration system can be 
provided which can supply hot water at high tempera- 
ture just after operation of the system and can cope with 
a larger hot-water supply load. 
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[0045] Although the present invention has been 
described in terms of the presently preferred embodi- 
ments, it is to be understood that such disclosure is not 
to be interpreted as limiting. Various alterations and 
modifications will no doubt become apparent to those 
skilled in the art to which the present invention pertains, 
after having read the above disclosure. Accordingly, it is 
intended that the appended claims be interpreted as 
covering all alterations and modifications as fall within 
the true spirit and scope of the invention. 

Claims 

1. A solid polymer electrolyte fuel cell cogeneration 
system comprising: 

a solid polymer electrolyte fuel cell for generat- 
ing electric power and heat by reacting fuel gas 
with oxidant gas, 

a fuel gas generating unit for generating fuel 
gas to be supplied to said fuel cell, 
an inverter for supplying electric power to an 
external power load by converting DC output 
from said fuel cell to AC, 
a cooling water circulating path for circulating 
cooling water for recovering heat generated by 
said fuel cell or fuel gas generating unit, 
a storage tank for reserving hot water to be 
supplied to an external hot-water supply load, 
a heat exchanger for transferring heat recov- 
ered by said cooling water to water in said stor- 
age tank, 

a heating path connected to said storage tank, 
said heating path having said heat exchanger, 
and 

a pump for passing water in said storage tank 
through said heat exchanger, 
wherein a water inlet of said heating path and a 
water filling port for supplying water to said 
storage tank from the outside of said system 
are formed both at a lower part of said storage 
tank, and 

wherein a water outlet of said heating path and 
a hot-water supply port for supplying hot water 
in said storage tank to said external hot-water 
supply load are provided both at an upper part 
of said storage tank. 

2. The solid polymer electrolyte fuel cell cogeneration 
system in accordance with claim 1 , further compris- 
ing a heater provided in said heating path and a 
detector for detecting a magnitude of said external 
power load. 

3. The solid polymer electrolyte fuel cell cogeneration 
system in accordance with claim 2, further compris- 
ing controlling means for supplying excess electric 
power to said heater, based on such a detection 



8 

signal that a magnitude of said external power load 
detected by said detector is smaller than output 
electric power of said fuel cell. 

5 4. The solid polymer electrolyte fuel cell cogeneration 
system in accordance with claim 1 , further compris- 
ing a thermodetector for detecting a temperature of 
water in said storage tank. 

w 5. The solid polymer electrolyte fuel ceil cogeneration 
system in accordance with claim 4, further compris- 
ing controlling means for supplying output electric 
power of said fuel cell to said heater when a tem- 
perature of water detected by said thermodetector 
75 decreases lower than a predetermined value. 

6. The solid polymer electrolyte fuel cell cogeneration 
system in accordance with claim 1 , further compris- 
ing a thermodetector for detecting a temperature of 

20 water passing through said heat exchanger and 
means for controlling said pump in such a way that 
a temperature of water detected by said thermode- 
tector is kept constant, both being provided down 
said heat exchanger in said heating path. 

25 

7. The solid polymer electrolyte fuel cell cogeneration 
system in accordance with claim 2, further compris- 
ing a thermodetector for detecting a temperature of 
water passing through said heat exchanger and 

30 means for controlling said pump in such a way that 
a temperature of water detected by said thermode- 
tector is kept constant, both being provided down 
said heat exchanger in said heating path. 

35 8. The solid polymer electrolyte fuel cell cogeneration 
system in accordance with claim 4, further compris- 
ing a second thermodetector for detecting a tem- 
perature of water passing through said heat 
exchanger and means for controlling said pump in 

40 such a way that a temperature of water detected by 
said second thermodetector is kept constant, both 
being provided down said heat exchanger in said 
heating path. 
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(54) Solid polymer electrolyte fuel cell cogeneration system 



(57) The present invention provides a fuel cell co- 
generation system which can stably supply hot water at 
high temperature shortly after the system starts to op- 
erate. The cogeneration system comprises a solid pol- 
ymer electrolyte fuel cell system for generating electric 
power and heat by reacting fuel gas with an oxidant gas, 
a cooling water circulating path for circulating cooling 
water for recovering heat generated by the fuel cell sys- 
tem, a storage tank for reserving hot water to be sup- 
plied to an external hot-water supply load, a heat ex- 
changer for transffering heat recovered by the cooling 



water to water in the storage tank, and a heating path 
connected to the storage tank in order to pass water in 
the storage tank through the heat exchanger, the heat- 
ing path having the heat exchanger, wherein a water in- 
let of the heating path and a water filling port for supply- 
ing water to the storage tank from the outside of the sys- 
tem are formed both at a lower part of the storage tank, 
and wherein a water outlet of the heating path and a hot- 
water supply port for supplying hot water in the storage 
tank to the external hot-water supply load are provided 
both at an upper part of the storage tank. 
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